Arsenic-polluted water is a global concern and puts millions of people at risk of developing cancer.
INTRODUCTION
Access to safe and clean drinking water is a prerequisite for a healthy life. Recently, many water sources around the globe have deteriorated due to the presence of excessive toxins and pathogens. One of the highly toxic and carcinogenic pollutants is arsenic. Concentrations greater than the World Health Organization guideline of 10 μg/L for arsenic in drinking water have been reported in 105 countries and expose a population of over 200 million (Chakraborti et al. ) . Health problems associated with an excessive and long-term exposure to arsenic are skin problems, skin cancers, internal cancers (bladder, kidney, and lung), leg and foot blood-vessel diseases, reproductive disorders, adverse pregnancy outcomes, and intellectual malfunction in children (Sharma et al. ) . In natural water, arsenic mainly presents in the forms of arsenite [As(III)] and a paste form. The paste was strongly stirred by hand for about 5-10 min and dried at 104 ± 1 C for 24 h, and further heated at 600 C for 2-3 h in a muffle furnace. After cooling down, the product was sieved for the desired particle size of 0.6-1.18 mm. The final product was kept in a dry and clean container for further experiments.
Batch experiments
A series of reactions between 10 g/L of IMCP and 0.5 mg/L of the adsorbate solution (pH ¼ 7 ± 0.1) was prepared and shaken by a horizontal mechanical shaker with 150 rpm at room temperature (25 ± 1 C) to observe the effect of contact time. The effect of initial concentration was performed by varying the adsorbate concentration from 0.1 to 100 mg/L. The effect of initial solution pH was conducted by varying pH from 3 to 11. The effect of coexisting anions was investigated by introducing 0.1, 1 and 10 mM of NaNO 3 , Na 2 SO 4 and Na 3 HPO 4 into the 0.5 mg/L arsenic stock solution. Each sample was filtered through 0.22 μm syringe filters, acidified, kept at 4 C and analyzed for arsenic concentration within 24 h. The adsorption capacity, Q e (mg/g), and efficiency, R (%), were determined by Equations (1) and (2), respectively:
where C o (mg/L) and C e (mg/L) are the initial and equilibrium adsorbate concentrations, respectively. V (L) is the volume of adsorbate solution, and M (g) is the mass of adsorbent.
Fixed-bed column experiments
The column experiments were conducted in polyethylene columns of 4.1 cm inner diameter and 31 cm height. The influent solution was introduced upward by peristaltic pumps (Watson-Marlow 505S, USA). The experimental conditions included the influent feed flow rates (12.5, 17, 20.5 mL/min), adsorbent bed heights (5, 10, 15 cm), and initial adsorbate concentrations (0.5, 1, 2 mg/L). The adsorption capacity of IMCP at the breakthrough and saturation points could be calculated using Equation (3):
where Q (mL/min) is the volumetric flow rate, M (g) is the mass of adsorbent packed in the column, and
is the numerical integration of the area above the breakthrough curve.
Analytical methods
Arsenic concentration was measured by inductively coupled plasma-optical emission spectrometry (ICP-OES) (Optima 8000DV, PerkinElmer) using a wavelength of 193.7 nm.
The surface area, total pore volume, and average pore diameter were obtained from the Brunauer-Emmett-Teller (BET) method using a BET analyzer (BELSORP Mini II, BEL Inc., Japan). X-ray diffraction (XRD) was performed using the Bruker XRD (D2 PHASER). The morphological features of IMCP were examined by a scanning electron microscope (SEM, JSM-6010LV, JEOL, Japan). The point of zero charge (pH pzc ) was evaluated by the equilibrium method (Su et al.
).

RESULTS AND DISCUSSION
Characterization of IMCP 
Batch experiments
Kinetic study
The interaction between the adsorbate and IMCP occurred at a fast pace for the first 12 h, and then gradually slowed down in the following 42 h (Figure 3 ). No significant improvement of the adsorption capacity was observed at 52 h, later considered to be the equilibrium contact time. The initial rapid uptake rate is due to the widely available active binding sites, particularly the external surface.
Continuous filling of the active sites by the metal ions resulted in the slow reaction rate, diffusion phenomenon into the interior parts, and equilibrium. The kinetic experimental data were modelled by Equations (4) and (5), respectively:
Pseudo-first order:
Pseudo-second order:
where t (h) is the amount of contact time, Q t (μg/g) is the adsorption capacity at a certain time, and k 1 (1/h) and k 2 (g/μg/h) are the rate constants of the pseudo-first-order and pseudo-second-order models, respectively. The value of the correlation coefficient (R 2 ) and the closeness between the calculated equilibrium uptake (Q e,cal ) and experimental equilibrium uptake (Q e,exp ) were used for selecting the most suitable model. Table 1 indicates that the pseudo-secondorder model better fitted the kinetic experimental data.
Isotherm study
Increase in the initial adsorbate concentration led to an increase in the uptake capacity of IMCP (Figure 4 ). High concentration of the metal ions provides a low proportion of binding sites for the amount of the adsorbate, resulting in enhancing the interaction between the ions and adsorbent (Kango & Kumar ) . To predict the equilibrium adsorption data, the Langmuir-Freundlich isotherm model was applied and it can be expressed by Equation (6):
where C e (mg/L) is the adsorbate concentration at equilibrium, Q e (mg/g) is the adsorption capacity at equilibrium, Q m (mg/g) is the maximum adsorption capacity,
is the model constant, and 1/n is the heterogeneity factor. The obtained value of R 2 of the applied model was 0.9919, and this implied that the isotherm data were well described by the model. This suggests that the ions 
Using the obtained equation, the adsorption capacity of IMCP at the 0.01 mg/L equilibrium concentration was found to be 0.393 mg/g, relatively lower than the experimental equilibrium capacity (0.497 mg/g) from the kinetic experiment (Table 1) . This is likely true because the obtained value of R 2 was found to be 0.9250, indicating a fairly good performance of the fitting model. (Chang et al. ) .
Effect of initial solution pH
The proposed active surface sites of IMCP can be expressed as follows:
The final pH from the equilibrium method provided a plateau line at 7.54, corresponding to the value of pH pzc ( Figure 5 ), and obviously, the unfavorable electrostatic interaction or the electrical repulsion between the adsorbent and the adsorbate resulted in less adsorption efficiency at the basic pH range. 
Effect of coexisting anions
Fixed-bed column experiments
The adsorbate removal performance in the fixed-bed column was analyzed by breakthrough curves expressed in terms of (Table 2 ). Lower influent flow rate provided Table 2 ). The result can be explained by the fact that a higher initial concentration led to an increase in diffusion coefficient that consequently caused the metal ions to transport faster from the bulk solution to the IMCP surface, whereas a low initial concentration caused slower transport of the solutes to the binding sites and decreased the diffusion coefficient (Afroze et al. ) .
In this study, the experimental data of the fixed-bed column were fitted with the Thomas model with the assumption that the adsorption follows the Langmuir isotherm and second-order kinetics. Its non-linear form can be expressed by Equation (8):
where K Th is the Thomas rate constant in L/h/mg, and q o is the adsorption capacity in mg/g. Fitting the model to the breakthrough curves is shown in Figure 7 . The correlation coefficient (R 2 ) of the Thomas model was found to be greater than 0.95; additionally, the calculated adsorption capacity of IMCP ranged from 139.59 to 384.67 μg/g, 
